T HE RATE OF OBESITY AND THE numbers of dieters are increasing in parallel. 1, 2 More than 54 million Americans are currently dieting, yet the epidemic of obesity continues virtually unabated with no sign of reversal. 3, 4 Obesity is an independent risk factor for cardiovascular disease. 5 Adipocytes synthesize and secrete several cytokines, including tumor necrosis factor ␣, 6 interleukin 6 (IL-6), 7 and adiponectin, 8 the latter being one of the most abundant adipose tissue-specific adipocytokines.
Elevated levels of several proinflammatory cytokines, such as IL-6, IL-18, and tumor necrosis factor ␣, as well as the sensitive marker of inflammation C-reactive protein (CRP), have been found associated with proxy indicators of elevated body fat (body weight and body mass index [BMI] , calculated as weight in kilograms divided by the square of height in meters) and with cardiovascular disease risk factors. 7, [9] [10] [11] [12] Moreover, several proinflammatory molecules, including CRP, 13 IL-6, 14 and IL-18, 15 have been prospectively associated with thrombotic cardiovascular events.
For the present study in obese women, we measured the serum concentrations of IL-6, IL-18, and CRP, as well as adiponectin, the novel adipocytokine with anti-inflammatory and insulinsensitizing properties, 16 and their rela-tions with anthropometric measures and insulin resistance. We then performed a randomized controlled trial of lifestyle changes designed to obtain a sustained and long-term reduction of body weight (Ն10% of initial weight, maintained for 2 years) for evaluating the effect of weight loss on markers of vascular inflammation and insulin resistance.
METHODS
For this trial conducted from February 1999 to February 2002, obese premenopausal women aged 20 to 46 years were recruited from the outpatient department for weight loss of the teaching hospital at the second University of Naples, Italy. Women were sedentary (Ͻ1 h/wk of physical activity), with no evidence of participation in diet reduction programs within the last 6 months, and completed a personal health and medical history questionnaire, which served as a screening tool. Exclusion criteria were type 2 diabetes mellitus or impaired glucose tolerance (plasma glucose levels of 140-200 mg/dL [7.8-11 .1 mmol/L] 2 hours after a 75-g oral glucose load), hypertension (blood pressure Ͼ140/90 mm Hg), cardiovascular disease, psychiatric problems, history of alcohol abuse (intake of Ն500 g/wk in the last year), current smoking, and any medication use. No patient was pregnant or became pregnant during the study. The study was approved by the institutional committee of ethical practice of our institution, and all study participants gave written informed consent. Women were individually assigned to either the intervention or control group by selection of an envelope from a pile of equal numbers of envelopes for each group (FIGURE 1). The nurses who scheduled the study visits did not have access to the randomization list. However, the staff members involved in the intervention were aware of the group assignment. Laboratory staff did not know the participants' group assignments.
Women in the control group were given general oral and written information about healthy food choices and exercise at baseline and at subsequent monthly visits, but no specific individualized programs were offered to them.
Women in the intervention group were given detailed advice about how to achieve a reduction in weight of 10% or more. The program involved education on reducing dietary calories, personal goal setting, and self-monitoring (food diaries) through a series of monthly small-group sessions. Behavioral and psychological counseling was also offered. The mean caloric intake goal was set at 1300 kcal/d for the first year and 1500 kcal/d for the second year. The recommended composition of the dietary regimen was 50% to 60% carbohydrates, 15% to 20% proteins, less than 30% total fat, less than 10% saturated fat, 10% to 15% monounsaturated fat, 5% to 8% polyunsaturated fat, and 18 g of fiber per 1000 kcal. This regimen is similar to the Mediterranean-style Step I diet, which is being considered by the American Heart Association as a possible tool to lower cardiovascular risk. 17 Dietary advice was tailored to each woman on the basis of 3-day food records. These women also received individual guidance on increasing physical activity, mainly by walking, but also with swimming or aerobic ball games. Women were enrolled in the program for 24 months and had monthly sessions with the nutritionist and exercise trainer for the first year and bimonthly sessions for the second year. Compliance was assessed by attendance at the meetings and completion of the diet diaries.
Height and weight were recorded with participants wearing lightweight clothing and no shoes using a Seca 200 scale with attached stadiometer (Seca, Hamburg, Germany). Waist-hip ratio (WHR) was calculated as waist circumference in centimeters divided by hip circumference in centimeters. Twenty-four-hour nutrient intakes were calculated with food-composition tables and patients' weekly diet diaries. All women were asked to complete a 3-day food intake record and to record occupational, household, and leisure-time physical activity to assess dietary adherence and exercise activity. Foods were measured using standard measuring cups and spoons and weight-approximation diagrams.
Insulin sensitivity in the fasting state was assessed with homeostasis model assessment (HOMA) and calculated with the following formula: fasting plasma glucose (mmol/L) ϫ fasting serum insulin (µU/mL) divided by 25, as described by Matthews et al. 18 High HOMA scores denote low insulin sensitivity (insulin resistance). Assays for serum total and high-density lipoprotein cholesterol, triglyceride, and glucose levels were performed in the hospital's chemistry laboratory. Plasma free fatty acids (FFAs) were determined as previously described. 19 Plasma insulin levels were assayed by radioimmunoassay (Ares, Serono, Italy).
Serum samples for cytokine and CRP levels were stored at −80°C until assayed. Serum concentrations of IL-6 and IL-18 were determined in duplicate using a highly sensitive, quantitative sandwich enzyme assay (Quantikine HS, R&D Systems, Minneapolis, Minn). The lower limit of detection was 0.7 pg/mL for both. High-sensitivity CRP was assayed by immunonephelometry on a Behring Nephelometer 2 (Dade Behring, Marburg, Germany). Plasma adiponectin was assessed using a commercially available radioimmunoassay kit (HADP-61HK, Linco Research, St Charles, Mo). In our laboratory, the normal means (and ranges) for these values, based on 80 healthy nonobese women matched to obese women for age and metabolic characteristics, are as fol- Data are presented as mean (SD) unless otherwise stated. Data were analyzed by intention to treat. We compared baseline data using a t test for continuous variables and a nonparametric Wilcoxon test for IL-6, IL-18, CRP, and adiponectin. We compared risk factors and nutrient intakes after 2 years using a test based on the values at the end of follow-up and a t test based on differences from baseline. Results of the analysis omitting patients lost to follow-up did not differ from that including their last available records; data are therefore shown for the analysis that includes all women. Spearman rank correlation coefficients were used to quantify the relations between metabolic variables and cytokine levels. The effects of weight loss on cytokine levels were tested by means of paired t tests on log-transformed values and a nonparametric Wilcoxon matched test. Multivariate regression analysis tested the independent association and contribution of changes in BMI, WHR, FFA, physical activity, and plasma cytokine concentrations with the dependent variable (changes in HOMA). PϽ.05 was considered significant. All analyses were conducted using SPSS version 9.0 (SPSS Inc, Chicago, Ill).
RESULTS
One hundred twenty women were randomly assigned to the intervention (n=60) or control group (n = 60) (Figure 1) . Because participants were carefully screened for exclusion criteria, both groups were comparable and relatively healthy (TABLE 1). All women were premenopausal and obese, with BMI values ranging from 30 to 49. As expected for an obese female population, serum IL-6, IL-18, and CRP levels were higher than reported in nonobese women. [9] [10] [11] [12] In contrast, adiponectin levels were significantly lower (P = .008) in the obese women in the present study compared with a group of nonobese women (n = 80) matched for age and metabolic and clinical characteristics (whose adiponectin levels were 8.7 µg/mL).
Spearman rank correlation coefficients between serum cytokine levels and metabolic variables are shown in TABLE 2. Univariate correlations are reported because they were affected very little by adjustment for age. Serum IL-6 levels were positively associated and adiponectin levels were negatively associated with BMI, WHR, insulin, HOMA, and FFA. To investigate which variables might account for the association between circulating IL-6 or adiponectin levels and insulin resistance, multiple regression analysis was performed. The independent variables were those significantly correlated with both IL-6 and adiponectin in univariate analysis. Only BMI (P=.03), FFA (P=.02), and HOMA (P=.04) were independently and significantly associated with IL-6 (positively) or adiponectin (negatively).
After 2 years of follow-up, there were 3 dropouts in the intervention group and 5 in the control group, all of which occurred after 24 weeks of follow-up. Dropouts from the intervention group showed a decrease in body weight after 24 weeks of follow-up, suggesting that they were adhering to the lifestyle changes. Baseline data showed no important differences in nutrient intake between the 2 groups (TABLE 3). After 2 years, patients in the intervention group consumed a greater percentage of calories from complex carbohydrates, protein, and monounsaturated fat; had a lower ratio of omega-6 to omega-3 fatty acids; and had lower energy, saturated fat, and cholesterol intake levels than controls. The level of physical activity increased more in the intervention group (from 64 to 175 min/wk) than in the control group (from 71 to 102 min/wk [P=.009]).
After 2 years, both groups had a significant decrease in body weight, BMI, WHR, blood pressure, glucose, insulin and HOMA, triglycerides, and FFA, with a larger effect in the intervention group (TABLE 4). High-density lipoprotein cholesterol increased more in the intervention group. Serum concentrations of IL-6, IL-18, and CRP were significantly reduced in those the intervention group compared with controls, while adipo- 
02).
For evaluating the independent association of changes in HOMA with changes in serum IL-6 and adiponectin levels, a multivariate analysis was performed in which HOMA was the dependent variable and BMI, WHR, physical activity, plasma FFA, and serum IL-6 and adiponectin were the independent variables. Free fatty acids (27.6% of the variance; P=.008), IL-6 (15% of the variance; P = .02), and adiponectin (22% of the variance; P = .007) were independent predictors of HOMA and explained approximately 65% of the variability.
COMMENT
In this study, we tested the hypothesis that a multidisciplinary approach aimed at reducing body weight by 10% or more was effective at 2 years and reduced circulating levels of inflammatory markers of future cardiovascular events. The physiological rationales underlying these hypotheses are that (1) obesity is a difficult problem, such that at most, 10% of dieters manage to keep the weight off in the long term 20 ; (2) obesity has been positively associated with insulin resistance and increased serum concentrations of vascular inflammatory markers [9] [10] ; and (3) adipose tissue has been proposed as a factor directly modulating proinflammatory and anti-inflammatory cytokine levels. [6] [7] [8] In the baseline cross-sectional analysis of all 120 obese women, we observed significant associations between metabolic variables and levels of inflammatory markers. Similar to previous studies, 7,9-11 we found positive correlations among body weight, BMI, WHR, and levels of CRP, IL-6, and IL-18, suggesting that the circulating levels of these cytokines may reflect, at least in part, production by adipose tissue. Fasting serum concentrations of IL-6 were positively associated and adiponectin levels were negatively associated with all of the markers of insulin resistance measured (fasting insulin levels, HOMA, and WHR). The mechanisms whereby high IL-6 or low adiponectin levels can induce insulin resistance at the cellular level are poorly understood. However, Abbreviations: CI, confidence interval; MUFA, monounsaturated fatty acids; PUFA, polyunsaturated fatty acids.
*Data are presented as mean (SD). †Intervention group minus control group.
VASCULAR INFLAMMATORY MARKERS IN OBESE WOMEN
IL-6 increases plasma FFA and fat oxidation in humans, 21 whereas plasma adiponectin levels are positively associated with whole-body insulin sensitivity. 22 Interestingly, there is some evidence that adiponectin may participate in fatty acid and energy homeostasis. 23 It is possible that a high production of IL-6 from adipose tissue associated with low production of adiponectin may be involved in obesity-associated insulin resistance through convergent effects on increasing plasma fatty acid levels. The associations we found between FFA and IL-6 and adiponectin, both at baseline and after weight loss, seem to support this interpretation.
This study shows that weight loss can be effectively achieved in the long term by a multidisciplinary approach to lifestyle changes in obese premenopausal women. The intervention program showed improvement in the number of surrogate traditional and novel cardiovascular risk factors, which were better than those observed in controls. Our results suggest that to be successful, interventions should be multifactorial and of long duration. Otherwise, the initial efforts and enthusiasm for healthier lifestyles are eroded by external obeso- 24 If the lifestyles can be maintained, they will reduce the amount of weight gain and the risk of associated diseases.
The obese women we studied had yet to heed the messages about prevention of heart disease. Baseline diets in our participants contained large amounts of saturated fat, cholesterol, and refined carbohydrates and small amounts of fiber and omega-3 fatty acids. Dietary supplementation with whole grain products, legumes, fruit, vegetables, fish, and olive oil was associated with improvement of nutrient indices at 2 years (Table 3 ) and a substantial decrease in cardiovascular risk (Table 4) in the intervention group. Given the strict exclusion criteria, the obese women were healthy at baseline, and no cardiovascular events occurred in the 2 years of follow-up. However, diets with similar characteristics to those we used, accompanied by small weight changes, can reduce cardiac end points in high-risk patients in the first few months of follow-up. 25, 26 The vascular inflammatory markers that improved after 2 years of follow-up in the intervention group are linked to future thrombotic events through mechanisms of plaque destabilization. Consistent findings support a predictive role of CRP and IL-6 in different populations, 27 IL-18 has been identified as an independent predictor of cardiovascular death in patients with a broad spectrum of coronary artery disease, 15 and circulating levels of adiponectin are lower in patients with coronary artery disease. 28 Thus, the increased cardiovascular risk of obese persons may be seen as the result, at least in part, of increased inflammatory stimuli and decreased antiinflammatory mechanisms.
The obesity-inflammation relationship has been addressed by previous studies [9] [10] [11] 22, 29, 30 that were characterized by limited follow-up, absence of a control group, small numbers of patients, and lack of adiponectin data, at least for nonsurgically treated obese patients. 22 We show that a multidisciplinary program aimed to reduce body weight in obese women through lifestyle changes, including a low-energy Mediterranean-type diet and increased exercise, is feasible and gives sustained results over 2 years, as indicated by the significant reduction of markers of inflammation and improved insulin sensitivity. Although we cannot exclude that the change in physical activity and food intake may have contributed to the effects of weight loss, the potential benefits of the program justify its evaluation as a way to decrease cardiovascular risk in obese patients.
